14. Monge-Ná jera, J., Barrientos, Z., and Aguilar, F. (1996) . Iron limits phytoplankton growth in large areas of the Southern Ocean. A new study shows that Antarctic krill play a crucial role in the recycling of iron in the iron-limited waters.
The concentration of carbon dioxide in the atmosphere, and consequently Earth's climate, is highly sensitive to the growth of phytoplankton in the Southern Ocean. Through photosynthesis, phytoplankton absorb atmospheric carbon dioxide and convert it into organic carbon, while releasing oxygenmeeting over 50% of the Earth's oxygen supply ( Figure 1 
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Southern Ocean are at limiting levels due to the long distances from most of these sources. Furthermore, not all iron is considered 'bioavailable' for phytoplankton uptake. The bioavailability of iron is constrained by many factors, including the inorganic speciation, the oxidation state, the complexation of certain forms of iron by organic ligands, and the size and nature of any iron contained in marine particles. Different biological species also have differing abilities to take up iron for growth.
Quick Insights into Iron Biogeochemistry
The dissolved iron fraction (operationally defined as that passing through a 0.2 mm filter) is considered most accessible for biological uptake, despite the particulate iron fraction being the dominant pool in the ocean [5] . However, in an experiment in the Oshtok Sea, Sugie et al. [6] demonstrated that phytoplankton could also access the particulate iron fraction -potentially due to remineralisation by the bacterial community and/or photodissolution. There is strong evidence that 99% of dissolved iron in the Southern Ocean is complexed by organic ligands, which controls its solubility and bioavailability [7] . Organic ligands include siderophores, a compound produced by bacteria; poryphyrins, biologically produced compounds, which include chlorophylls and chlorophyll breakdown products such as phaeophytin, hemes and vitamin B12; and saccharides [7, 8] .
The inorganic chemistry of iron is also complex. Iron(II) is considered to be the more bioavailable fraction, due to the low solubility of the thermodynamically stable iron(III) redox species [7, 9] . In oxygenated seawater, iron(II) is rapidly oxidised into iron(III), but iron(III) can also be reduced to iron(II) through photochemical reduction of colloidal iron or reduction of organically bound iron(III) [7] . These factors combined result in insufficient bioavailable iron in large areas of the Southern Ocean surface waters.
Exceptions to the Rule Although HNLC regions prevail across large areas of the Southern Ocean, certain 'hot-spots' of large phytoplankton blooms have been observed, notably downstream of continental shelf and landmasses, including the Kerguelen Plateau, Crozet Islands, Heard Island, South Georgia and South Shetland Islands. It has been suggested that the advection of iron sourced from the ocean sediments on these island archipelagoes is responsible for these massive blooms [10] [11] [12] . 
Dispatches
Interestingly, a recent high-resolution ocean general circulation and Lagrangian particle tracking model [13] has found that lateral advection alone is unable to explain the observed inter-annual variability in the spatial extent of the bloom near South Georgia. Therefore, could biological recycling through the food web be an important complementary mechanism to provide sufficient bioavailable iron for phytoplankton growth in this region?
Could Recycling Be Important? Earlier studies by Nicol et al. [14] , Wing et al. [15] , Tovar-Sanchez et al. [16] , Ratnarajah et al. [17] [18] [19] and Schmidt et al. [20] are beginning to explore the role of marine animals in recycling iron through their diet and subsequent defecation. Contrary to conventional wisdomwhere faecal material is assumed to solely play a key role in the export of carbon and other essential nutrients to the seabed -new research suggests that iron from the faecal material could be dissolved in seawater prior to the faecal particles being precipitated, passively scavenged or exported as organic matter. This would therefore retain a fraction of the iron that was consumed by marine animals and subsequently excreted/ defecated within the euphotic zone ( Figure 1) .
Phytoplankton utilize the bioavailable iron fraction for their biochemical processes, concentrating much of the iron in their cells. Through grazing, zooplankton and krill transfer the iron, and other essential nutrients, stored within the phytoplankton cells into their bodies (Figure 1) . Schmidt et al. [3, 20] and Ratnarajah et al. [18] have demonstrated that Antarctic krill have little requirement for iron. Much of the iron consumed is processed in their stomach and digestive gland and subsequently recycled through their faecal material, as opposed to being assimilated into the muscle.
Calculations suggest that the high iron concentrations in krill stomach and digestive gland would influence the overall iron concentration in whole krill, which has been shown to be highly variable (4.4-190 mg kg À1 ) [18] . This is believed to be due to feeding location [18] . Krill feeding in regions with high iron concentrations or primary productivity demonstrate higher overall iron concentration compared to krill feeding in regions with low iron concentrations [18] . In line with this theory, Schmidt et al. [3] found that iron concentrations in faecal pellets were higher from krill feeding closer to the glacial outlets on South Georgia compared with a reference station $170 km away. Prior to the faecal pellet being remineralised and/or exported from the water column, a fraction of the iron excreted would contribute to the 'bioavailable' iron pool in the euphotic zone.
In the current issue, Schmidt et al.
[3] demonstrate that the presence of Antarctic krill increased the concentration of dissolved iron in the upper mixed layer of waters where krill were present by 0.1-31 pmol L À1 d À1 . This has been suggested to be a conservative estimate, because two-thirds of the krill population is present below the mixed layer, where benthic feeding could occur. In this instance, the released iron could then enter the upper surface through vertical transport (i.e. through upwelling and/or daily migration). All these studies suggest that Antarctic krill can regionally increase the availability of iron in the Southern Ocean and influence phytoplankton growth. Antarctic krill, however, are also a major prey item in the Southern Ocean, and play a key role in the transfer of iron to larger marine animals. Therefore, knowledge of the role of Antarctic krill in the Southern Ocean ecosystem is necessary to understanding the dynamics of iron storage and recycling by larger animals that depend on krill as food, and consequently the effect on the global carbon cycle.
Future Research
It is evident that marine animals recycle high concentrations of iron in their faecal material. However, there remain some important questions that need to be addressed. Schmidt et al. [3] suggest that greater phytoplankton blooms downstream of South Georgia are observed during years of high krill abundance. However, it is unclear if zooplankton and krill boost primary productivity in a particular region through the provision of bioavailable iron, or indeed are driven to that region because of the high primary productivity.
The high iron concentration in krill faecal pellet [3, 18] and leaching rate [16, 20] suggest that Antarctic krill could be an important source of recycled iron that could fuel more phytoplankton growth. However, empirical evidence on the relative bioavailability of krill faecal iron, which is released as a faecal pellet, and its eventual uptake by phytoplankton is lacking. The sinking rate of Antarctic krill faecal pellets from the literature is between 27 and 1218 m day À1 [19] , with the variability mainly driven by pellet diameter and density. Future studies should aim to examine the influence of sinking rate coupled with bioavailability experiments to gain a better understanding on the role of Antarctic krill in biogeochemical processes. The Triassic was a time of turmoil, as life recovered from near-annihilation. Archosauromorph reptiles flourished and diversified as they filled empty ecological niches, and some of them presaged later dinosaurian inventions, such as thickened skull roofs.
The history of complex life on Earth began with the Cambrian explosion, 540 million years ago, and it was punctuated halfway through by the greatest crisis of all time, the Permo-Triassic mass extinction, 252 million years ago. As many as 90% of all animal species were wiped out, and the recovery of life was stuttering and unpredictable [1] . On land, the archosauromorph reptiles, including distant ancestors of modern crocodiles and birds, were first to explore the newly emptied landscapes, and they diversified into a broad range of forms, including the very first dinosaurs, appearing perhaps in the Middle Triassic [2] [3] [4] Vertebrate life on land has sometimes been characterised as a to-and-fro relay between mammals and reptiles. In the Permian, synapsids (which include ancestors of mammals) dominated. The Permian ended with the mass extinction, and reptiles came to the fore, most notably the archosauromorphs, including the dinosaurs, which dominated throughout the Mesozoic. And after they had died out 66 million years ago when an asteroid hit the Earth, the mammals came back. These two mass extinction events have long been viewed as important case studies for two macroevolutionary phenomena that were first highlighted by George Gaylord Simpson in his seminal book Tempo and Mode in Evolution [6], namely evolutionary relays and adaptive radiations. An evolutionary relay, in Simpson's terms, is the replacement of one major clade by another, such as synapsids by archosauromorphs, or dinosaurs by mammals. Key questions concern the timing of the replacement,
